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SPEECH AND LANGUAGE DEVELOPMENT OF BILINGUAL DEAF AND HARD OF
HEARING CHILDREN
Abstract
By Joanne J. Ryu
University of the Pacific
2021
Due to gaps in literature exploring communication outcomes in Deaf and Hard of
Hearing (DHH) children with access to more than one spoken language, limited agreement on
optimal language use for DHH children, and an ongoing cultural and linguistic loss in this
population, the aim of this pilot study was to further the literature and comprehensively explore
the impact of oral bilingualism in DHH children. Participants were self-selected and recruited
primarily through relevant social media. Speech and language development in children were
observed and quantified at two time points (at the time of enrollment into the study and
subsequently after 3-4 months of initial assessment), through administration of standardized
questionnaires and twenty minutes of conversational play language samples between the parent
and child. Specific language constructs such as the mean length utterance, number of total
words, number of different words, and rate of spoken words per minute were analyzed. Speech
production skills were assessed by identifying the sounds the child was able to produce during
the conversational play sample to compare to monolingual norms. The data from the five case
studies presented in this paper indicated that DHH children with access to more than one
language were able to develop language skills on par with their typical hearing peers when
factors such as early acoustic access, linguistically rich environment, and active parent advocacy
were present.
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CHAPTER 1: INTRODUCTION

Oral Language Recommendations for DHH Children
Remarkable strides in amplification and surgical treatment options for Deaf/Hard of
Hearing (DHH) individuals has meant that many DHH children using hearing aids (HAs) and
cochlear implants (CIs) display oral communication skills on par with their typical hearing (TH)
peers. This is sparked a question and debate about oral bilingualism in DHH children. Currently,
the paucity of evidence exploring communication outcomes in DHH children with access to
more than one spoken language has meant varied recommendations by clinicians, based on their
personal experiences . Many clinicians recommend use of one oral language only, with the
assumption that access to two oral languages will be too acoustically complex and difficult to
process. This has resulted in an ongoing cultural and linguistic loss in this population. Families
that choose to provide access to two or more spoken languages often do so despite opposition or
discouragement from professionals working with them and their child. Thus, due to lack of
general research for this subgroup of DHH children with regards to language outcomes, evidence
based recommendations, and effective intervention methods, the aim of this pilot study is to
further the literature and explore the impact of oral bilingualism in DHH children in detail.
Research Questions
The specific aims of this study are:
1. Do DHH children with access to two or more spoken languages develop language
on par with their TH bilingual peers?
2. Does exposure to a second language negatively impact the morphosyntactic
development of the first language for DHH children?
3. Do DHH children with access to two or more spoken languages acquire speech
sounds on par with their TH bilingual peers?
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CHAPTER 2: REVIEW OF THE LITERATURE

Overview of Literature Review
Universal newborn hearing screening (UNHS) through early hearing detection and
intervention (EDHI) programs implemented in hospitals and birthing facilities stand as part of
routine care for newborns. Audiologists and healthcare professionals follow the accepted
standard timeline of “screen by 1, assess by 3, and treat by 6 months” which come from studies
by Yoshinaga-Itano (1995) that found that those who received treatment by 6 months performed
significantly better in speech and language development than those who received treatment after
12 months.
Through widespread and successful UNHS, DHH children are now identified soon after
birth and treated within six months. Treatment options that provide access to acoustic stimuli
include HAs for children with conductive, sensorineural or mixed losses. For children with
severe to profound sensorineural hearing loss (SNHL) who derive limited benefit from HAs,
however, cochlear implants (CIs) are considered. CIs are implantable medical devices that
convert acoustic signals into electrical energy to directly stimulate the auditory nerve to provide
acoustic stimulation to the brain. Current factors in determining candidacy for CIs include
limited benefit from HAs, degree and severity of hearing loss (HL), device retention and usage,
general health status, and family motivation and support. The Food and Drug Administration in
the United States approved implantation of children of 12 months and older in 2000, although
off-label use of CIs for implantation under 12 months are often observed in children.
Since access to sound has become available to those with severe to profound SNHL, a
number of studies have explored audiological and communication outcomes after
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cochlearimplantation. Piexoto et al. (2013) found that improved performance in auditory and
speech recognition thresholds remained stable long term with no signs of audiological
deterioration nor statistical differences between short term and long term outcomes postimplantation. Ching and colleagues (Ching et al., 2018) found that although children with CI
may require significantly improved speech to noise ratio (SNR), they are still able to use spatial
and binaural cues much like their TH peers in the development of binaural hearing skills, which
are crucial in the contexts of typical, complex listening environments. Even with a tonal
language such as Mandarin, Chen and Wong (2017) found that children with CIs are able to
make improvements in speech perception, identify tones, and even recognize words in noise
within relatively short term use. Furthermore, literature presents the case for the benefit of CIs to
speech and language development: early implantation were found to improve the development of
morphology, syntax, and vocabulary equally (Nicholas &Geers, 2018), maintain access to the
sensitive period comparable to or better than those with typical hearing for the development of
speech and grammar (May-Mederake, 2012), and support the ability of children with CI to
produce speech sounds on par with their TH peers (Sundarrajan et al., 2019). While early
implantation is an important consideration, a linguistically rich home environment also appeared
to be a significant factor for language development among DHH children (Szagun& Stumper,
2012). Overall, the overwhelming positive outcomes after amplification and implantation over
the past two decades have made HAs and CIs often the preferred treatment option for DHH
children, especially for families that want to encourage spoken language development.
Gaps in Research
While there is consensus among professionals working with DHH children about the
benefits of CIs, there is less agreement on language use, especially providing access to two
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spoken languages. For TH children however, bilingualism is now encouraged. Despite previous
concerns among parents and professionals that bilingualism may create confusion, delayed
language milestones, or cognitive detriment, research suggests the opposite: young bilingual
children rarely violate grammatical constraints of each differentiated language system in their
utterances and achieve the same language milestones as monolingual children (Genesee, 2015).
Important milestones of language acquisition in bilingual children such as vocabulary acquisition
and morpho-syntactic development are similar to those of monolingual children when accounting
the factor of their linguistic environment (Kistanova, 2018). Furthermore, children with
developmental learning disabilities with specific language impairments (SLI) in immersion
programs were found to perform with no significant differences compared to monolingual peers
except for significant improvements in the proficiency of the second language (Bruck, 1978,
1982). However, most importantly, bilingualism is encouraged as research has shown that
bilingual children are vulnerable to cultural and linguistic displacement which can cause erosion
and loss of relationships, membership, and identity (Paradis et al., 2011; pg. 210-211).
Theoretical rationale. In children with CIs, the guidelines and recommendations for
oral bilingualism are less clear, partly because much of the outcomes data over the past two
decades was collected on monolingual children, as well as the general professional belief that
providing acoustic access to two languages to an already impoverished system may negatively
impact language development. Bilingual families have been advised by professionals to limit
input to only one language with the statement that DHH children cannot acquire two languages
(Guiberson, 2005; Yim, 2011). Despite this, there have been a small handful of studies that have
been published in the last few years exploring the impact of bilingual spoken language access on
audiological and communication development.
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In a study observing children in Spain, a multicultural and linguistically diverse country,
Guiberson concluded that DHH children were able to acquire a second language, without
detrimentally impacting the development of their first language and that families were reportedly
generally satisfied with their second language development (Guiberson, 2014). Studies have
suggested these trends with regards to specific domains: children with CI may perform with
lower accuracy rates in speech production, however, the status of bilingualism does not impact
the accuracy of spoken first language (Sosa &Bunta, 2019); development of phonological
awareness may be developed differently among DHH children than TH children (Lund et al.,
2016); monolingual and bilingual DHH children were demonstrated to be equally at risk for
vocabulary learning (Diego-Lazaro et al., 2021); and the factor of a linguistically rich
environment, described as an adult contribution of child-directed speech that is influenced by
structural complexity and expansions of incomplete or erroneous child utterances, appeared to
contribute more to language development than age at implantation (Szagun& Stumper, 2012).
As stated earlier, the limited literature exploring communication outcomes in DHH children with
access to more than one spoken language has a tremendous impact on clinical recommendations
and has resulted in an ongoing cultural and linguistic loss in this population.
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CHAPTER 3: METHODOLOGY

Procedure
This study was approved by the Institutional Review Board at the University of the
Pacific. Recruiting criteria for this study were children between ages three and five years with a
hearing impairment who had access to more than one language at home. The age range was
extended to seven years to include one very interested participant. Interested participants were
informed that research would be conducted virtually through a HIPAA compliant conferencing
system (i.e., Cisco Webex). Participants were self-selected and recruited primarily through
relevant Facebook groups (e.g., bilingual groups, CI support groups) with one participant
referred from a hearing loss center. All participants were also asked for their consent to be
recorded prior to the research meeting and notified of their right to refuse participation in the
study.
Participants
A total of five DHH children participated in the study. Each child was assessed at two
time points, at the time of enrollment into the study and at an average of four months later (+/1.22 months). The participants ranged in age from three years to seven years at the time of
enrollment; the mean age of the participants was 4;8 (+/- 2;01; years; months). Four children
used bilateral CIs after being identified at birth, and one child used hearing aids at 5;10 after
being identified later at age 3;2 (years; months). Participants aided pure tone thresholds ranged
from 10 to 25 dB HL.
Geographically, participants’ physical locations ranged from within the United States in
three time zones (i.e., PST, CST, EST) and one participant engaged from overseas. Heritage
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languages were varied with half belonging to Indo-European languages (i.e., Spanish, Russian,
Portuguese) and the other half belonging to East Asian languages (i.e., Mandarin Chinese,
Japanese). All participants were coded as being simultaneous bilingual/multilingual speakers
since children were exposed to their heritage language and ambient language from birth with the
exception of one child (Participant E was exposed to English at age 3). Participant details are
displayed in Table 1.

Table 1
Participant Background Information by Age, Heritage Language, and Device
Participant

Heritage
Language

Device

Age at
Enrollment
(years;
months)

Age at
Identification
(years;
months)

Age at CI or
HA
Treatment
(years;
months)

A

Spanish and
Portuguese

CI

2;7

0; 0

0;11

B

Spanish

CI

3;2

0; 0

1;3

C

Russian

CI

4;3

0; 0

1;4

D

Mandarin and
Cantonese

HA

5;6

3;2

5;10

E

Japanese

CI

7;10

0; 0

0;8 for the
Right, 2;0 for
the Left

Table 1 provides compilation of participants’ background information regarding age, heritage
language, and device. Note the age of HA treatment for Participant D.

Speech and Language Outcomes
Speech and language development in children were observed and quantified through
online parent surveys and twenty minutes of conversational play language samples between the
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parent and child. Comprehensive information was gathered about the participant’s
communication skills, through standardized assessments such as the Receptive Expressive
Emergent Language 3rdEdition (Bzoch et al., 2003) and/or the Children’s Communication
Checklist 2nd Edition (Bishop, 2006), along with informal measures such as conversational
samples.
Standardized language assessments. Standardized assessments were administered
remotely for each testing session. Two assessments exploring overall language development
were used. The REEL-3 is a norm-referenced standardized parent questionnaire used for ages 0
– 3;0 years that consists of two core subtests, “Receptive Language” and “Expressive
Language.” The REEL-3 helps identify infants and toddlers who may have language
impairments or other disabilities that can impact language development. The CCC-2 is a 70-item
parent questionnaire that is also a norm-referenced standardized assessment used for ages 4;0 16;0 years that consists of 10 subscales: speech, syntax, semantics, coherence, inappropriate
initiation, stereotyped language, use of context, nonverbal communication, social relations, and
interests. The CCC-2 is used to screen for children who are likely to have language impairments,
as well as identify children who have pragmatic impairment with communication difficulties.
All participants were asked to complete the REEL-3 survey regardless of current
language level. If parents indicated that their child spoke in more than three words within a
phrase/sentence, then they were asked to complete the online survey for the CCC-2, along with
the REEL-3. Although the REEL-3 and the CCC-2 are standardized assessments not normed on
DHH children, raw scores were converted to standard/scaled scores in order to compare the
language development of DHH to those of TH children.

15
Language. Additional in-depth information on the language used by the child in a
conversational setting was explored during the play sample with the parent/caregiver. Parents
were given instructions on how to elicit language and directives to engage 10 minutes each in
English and in the heritage language. Separate language samples in each language were obtained
through this method. Samples were analyzed for specific language constructs such as the mean
length of utterance (MLU), number of total words, number of different words, and rate of spoken
words per minute. English samples were analyzed through SALT software, while heritage
language samples were analyzed manually by respective bilingual speech-language pathology
graduate students.

Table 2
Speech Sound Acquisition Norms for English and Spanish by McLeod and Crowe (2018)
English (90-100% criteria)

Spanish (90-100% criteria)

6 years

/θ/

/β/

5 years

/ɹ, ʒ, ð/

/r, s/

4 years

/l, dʒ, tʃ, s, v, ʃ, z/

/ ɲ, ʒ, dʒ, g, n, b, d, f, x, ð, w,
ɾ/

3 years

/b, m, d, n, h, t, k, g, w, ŋ, f, j/

/p, t, m, k, j, ɲ, l, tʃ/

2 years

/p/

Table 2 provides speech acquisition norms specific for monolingual speakers English and
Spanish based on the 90-100% criteria of mastery. The /β/ is a voiced bilabial fricative while /ɲ/
and /ɾ/ are voiced palatal nasal (i.e., “ñ") and voiced alveolar tap (i.e., the “d” sound in “medal”)
respectively.

Speech sound development. Speech production skills were assessed by identifying the
sounds the child was able to produce during the conversational play sample. Participants' overall
phonetic inventory in all the languages spoken was transcribed with International Phonetic
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Alphabet (IPA) transcriptions available within the English language and compared to norms
from McLeod and Crowe (2018) which provide a review of consonant acquisition for speech
sounds of 27 languages in children between the ages 2;0 to 6;0 years. Out of the 27 languages,
specific patterns of speech acquisition were provided for languages (e.g., English and Spanish)
whose speech consonant development did not match the general age-acquisition patterns, (i.e.
had different ages of acquisition for the same sound.) Details on the speech sound acquisition
normative values for Spanish and English can be found in Table 2.
Variables and Data Analysis
Language variables of interest included the scores from the REEL-3, CCC-2, MLU,
number of total words, number of different words, and rate of spoken words. Variables related
to speech production include the phonetic inventory of the participants. Descriptive data for
each of the participants is summarized in the results. Due to the diversity of participant
characteristics along with the paucity of the number of participants, inferential statistical
analyses were not conducted. Data were instead analyzed as case studies.
When available in the literature, language specific norms for MLU were referenced for
analysis of the heritage languages. For this study, monolingual norms for Spanish (GutierrezClellen et al., 2000) and Russian (Kistanova, 2018) were included for analysis. For the rest of
the languages, monolingual English norms provided by Miller and Chapman (1987) were
referenced. Normative values provided by Templin (1957) were used to analyze data used for
the Type-Token Ratio (Table 6). Access to the normative values for MLU can be found in
Tables 3, 4, and 5.
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Table 3
Developmental Norms for English Mean Length of Utterance by Miller and Chapman (1981)
Age

Predicted MLU

Predicted MLU, 1 SD (middle 68%)

2;6

2.54

1.97 - 3.11

2;9

2.85

2.22 - 3.48

3;0

3.16

2.47 - 3.85

3;3

3.47

2.71 - 4.23

3;6

3.78

2.96 - 4.60

3;9

4.09

3.21 - 4.97

4;0

4.40

3.46 - 5.34

4;3

4.71

3.71 - 5.71

4;6

5.02

3.96 - 6.08

4;9

5.32

4.20 - 6.45

5;0

5.63

4.44 - 6.82

Table 3 provides updated developmental norms from the original Brown’s Grammatical
Morphemes study (1973) for English MLU speech acquisition for monolingual speakers.
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Table 4
Developmental Norms for Spanish Mean Length of Utterance by Gutierrez-Clellen et al (2000)
Age

MLU

1;6 - 2;0

2.3 - 2.7

2;1 – 2;6

2.7 – 3.2

2;7 – 3;0

3.2 – 3.6

3;1 – 3;6

3.7 – 4.0

3;7 – 4;0

4.1 – 4.5

4;1 – 4;6

4.6 – 5.0

4;7 – 5;0

5.0 – 5.4

5;1 – 5;6

5.5 – 5.9

6;0 – 7;0

6.2 – 10.6

Table 4 provides developmental MLU norms for Spanish speakers.
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Table 5
Longitudinal Data of Russian Mean Length of Utterance by Kistanova (2018)
Age

MLU

2;4

2.37

2;6

2.35

2;7

2.49

2;9

2.59

2;10

3.49

2;11

3.27

Table 5. These MLU values were gathered from a longitudinal case study of a Russian speaking
child from the age of 2;0 - 2;11.
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Table 6
Normative Data for Type-Token Ratio by Templin (1957)
Different Words

Total Words

Type - Token Ratio

Age

Mean

SD

Mean

SD

Different words /
Total Words

3.0

92.5

26.1

204.9

61.3

0.45

3.5

104.8

20.4

232.9

50.8

0.45

4.0

120.4

27.6

268.8

72.6

0.45

4.5

127.0

23.9

270.7

65.3

0.47

5.0

132.4

27.2

286.2

75.5

0.46

6.0

147.0

27.6

328.0

65.9

0.45

7.0

157.7

27.2

363.1

51.3

0.43

8.0

166.5

29.5

378.8

80.9

0.44

SD refers to standard deviation.
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CHAPTER 4: RESULTS

Case Study Language and Speech Development Results
Communication outcomes of all the participants are discussed in this section. Language
development through parent questionnaires and language play samples are included; however, it
should be noted that the scaled scores obtained through parent questionnaires do not include
DHH children in their normative sample. Independent analysis of participants’ acquisition of
consonants and vowels are included to observe speech development.
Case #1
Case history. Participant A is a two year old female with CIs who was identified at birth
with a hearing loss. She was aided with hearing aids at 2 months and implanted bilaterally with
CI at 10 months. Parents reported bilateral profound sensorineural hearing loss, and recent aided
audiological testing under soundfield revealed hearing sensitivity within the normal range
bilaterally. Parents did not report any significant history of otitis media (OM), fever, flu, or any
other serious illnesses or surgeries.
Per parents’ report, Participant A received speech/language services for auditory verbal
therapy (AVT). Parent reported age-appropriate development in language and communication
and added that her daughter’s speech level seemed to be comparable to those of her hearing peers
roughly six months after CI. Per report, first words were spoken at 13 months of age,
approximately two months after CI activation. Parent expressed no concern regarding language
and communication skills development and stated that she expects more development of English
language skills through preschool.
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Spanish and Portuguese are the main languages spoken at home under the “One Parent
One Language” paradigm of bilingual language access and acquisition. Spanish is primarily
spoken with the father and paternal relatives, and Portuguese is primarily spoken with the mother
and maternal relatives. Outside of the home, English is spoken in school, AVT, speech/language
therapy, and with the community at large. It was noted that in both meetings, Participant A
preferred to speak Spanish and Portuguese over English.
Results from standardized assessments. Given Participant A’s chronological age and
language skills, both the REEL-3 and CCC-2 were completed to obtain a deep understanding of
communication skills. Parents were not instructed to make a specific distinction in skills
between English and heritage language(s) while filling out the questionnaires but to rather
consider total language skills.

Table 7
REEL-3 Results for Participant A
Expressive
Language
Ability Score

Receptive
Language
Ability Score

Total Language
Ability Score

Descriptive
Range

REEL-3
Session 1

112

113

115

Above
Average

REEL-3
Session 2

115

110

115

Above
Average

Participant A displayed overall language skills within the above average range.

Data from REEL-3. First administration of the REEL-3 at the time of study enrollment
(age: 2;7 years) revealed an expressive language ability score of 112 and a receptive language
ability score of 113 with a total language ability score of 115, which placed A within the “above
average” descriptive range. Second administration of the REEL-3 (age: 2;10 years) revealed an
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expressive language ability score of 115 and receptive language ability of 110. The sum of each
ability score revealed the same total language score of 115, which placed A within the same
descriptive range. The results of Participant A’s REEL-3 can be observed in Table 7.
According to the first REEL-3 submission, receptively, Participant A was able to
understand adult language spoken to her, two-step directions, and past or future tenses. As for
her expressive language skills, she was reported to be able to use words that tell color and size,
answer WH-question with more just “yes” or “no,” and use complex sentence structures.

Table 8
CCC-2 Results for Participant A
Scale

Scaled Score
Session 1

Scaled Score
Session 2

Percentile
Session 1

Percentile
Session 2

Speech

9

9

37

37

Syntax

14

14

91

91

Semantics

3

8

1

25

Coherence

12

18

75

99.6

Initiation

9

14

37

91

Scripted
Language

10

13

50

84

Context

5

8

5

25

Nonverbal
Communication

10

14

50

91

Social Relations

11

12

63

75

Interests

5

8

5

25

Participant A displayed excellent general communication composite score during the second
session when her age was within the normative demographics.
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Data from CCC-2. Although Participant A’s chronological age was younger than the
standardized demographics, her CCC-2 scores and percentiles indicated an increase from “below
average” to the “excellent” range between the two time frames of the study. First administration
of CCC-2 at the time of the enrollment (age: 2;7 years) revealed a general communication
composite (GCC) score of 108, which placed Participant A within the 70th percentile of the
normative demographics. Second submission of CCC-2 (age: 2;10 years) revealed a GCC of
138, which placed Participant A within the 99th percentile of the normative demographics. The
scaled scores and percentile ranking for the CCC-2 subtests are detailed in Table 8.
Results from the conversational play analysis. Two language play samples in English,
Spanish, and Portuguese were obtained between the three months’ period. The measure of
Participant A’smorphosyntax, semantics, and speech rate obtained during the first and second
meeting is displayed in Table 9.

Table 9
Conversational Play Sample Analysis for Participant A
Session 1

Session 2

English

Spanish

Portuguese

English

Spanish

Portuguese

1.68

3.24

3.12

4.29

4.12

3.66

Total words

62

216

112

191

276

138

Different words

47

88

51

75

100

69

TTR

0.75

0.41

0.46

0.39

0.36

0.50

Words per minute

5.17

27

25.86

19.10

24.80

25.09

MLU

Table 9 provides data gathered from different languages spoken by Participant A during the two
sessions.
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Data from the English language sample. Participant A’s morphosyntactic development
appeared to be within the expected range for referential norms (Brown, 1973; Miller &
Chapman, 1981). Her initial language sample for English placed her within the MLU range of
1.0 - 2.0 for Brown’s Stage I, which was slightly below the predicted range given her age range
(Miller & Chapman, 1981). However, Participant A’s last language sample significantly
increased to Brown’s Stage V, which exceeded the expected language skills for her age, but they
were comparable to her skills in her heritage languages. During the first session, Participant A
was observed expressing reluctance to speak English with a clear preference for her heritage
languages instead. However, this reluctance was not as pronounced during the second session;
rather, Participant A displayed an easy transition from English to heritage languages.
While Type-Token Ratio and different words obtained indicate the child’s diversity of
words used, the number of total words reflect on current morphosyntactic development.
Although A does not yet meet the minimum age of 3;0 to compare to norms for calculating TypeToken Ratio, the total number of words produced by A appeared to be within the average range
to those of a 3;0 child for the second session (Templin, 1957). ParticipantA displayed a
significant increase in the number of total words and speaking rate between the two sessions.
Data from the heritage language samples. Participant A’s language skills in Spanish
exceeded those of her monolingual Spanish peers. At the age of 2;7, Participant A’s initial
language sample placed her within the appropriate range of 3.2 - 3.6 for her age (GutierrezClellen et al, 1999); however, by the second session at age 2;10, Participant A’s Spanish MLU
placed her at Brown’s Stage V which is above monolingual peers of her age. While there were
no available norms for Portuguese, Participant A’s language skills in Portuguese appeared to be
age-appropriate when compared to both Spanish and English MLU norms.
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Again, while Participant A does not yet meet the minimum age range for comparison to
Templin’s norms for calculating type-token ratio, the total number of words produced by
Participant A were found to be slightly above the average range for a 3;0. The speaking rate was
consistently much higher in her heritage languages than in English. Data for all the language
measures for all participants are also displayed graphically for clear representation and ease of
comparison (Figures 1, 2, 3 and 4).

Mean Length of Utterance

Mean Length of Utterance
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3.5
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Individual participants

Session 1

Session 1

Session 2

Session 2

Figure 1. The Mean Length of Utterance of participants. Note that Participant B is not included.
Participant B is in the canonical babbling stage and thus, complex language measures cannot be
calculated.
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Figure 2. The total words produced by the participants. Note that Participant B is not included.
Participant B is in the canonical babbling stage and thus, complex language measures cannot be
calculated.
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Figure 3. The number of different words produced by the participants. Note that Participant B is
not included. Participant B is in the canonical babbling stage and thus, complex language
measures cannot be calculated.
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Figure 4. The type-token ratio of the participants. Note that Participant B is not included.
Participant B is in the canonical babbling stage and thus, complex language measures cannot be
calculated.

Overall, Participant A’s MLU was the strongest in Spanish and Portuguese, which are the
languages spoken at home. All the measures for each language increased in the second session
compared to the initial session, and Participant A appeared to exhibit language skills that were
above expectations for her age and comparable to those of her TH peers.
Speech sound production. Independent analysis of speech sounds and vowels from the
language samples for English are listed in Table 10 and Table 11. Participant A’s phonetic
inventory from the language samples included a number of sounds including stop-plosives,
nasals, fricatives, affricates, liquids, and glides (see Table 10 for specific sounds in the
inventory). Participant A included all the English consonant sounds for stop-plosives, nasals,
and glides. As for the fricatives, she produced labio-dental fricatives (e.g., /f/ and /v/), voiceless
lingua-dental (e.g., /ð/), and the voiceless lingua-alveolar (e.g., /s/), palatal (e.g., /ʃ/), and glottal
fricatives (e.g, /h/); however, she was missing the voiceless lingua-dental (e.g., /θ/), voiced
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lingua-alveolar (e.g., /z/), and the voiced palatal fricatives (e.g., /ʒ/). As for the affricates,
Participant A produced the voiceless affricate (e.g., /tʃ/), but missed the voiced cognate (e.g.,
/dʒ/) in her samples. She additionally produced multiple diphthongs (e.g.,/aɪ, aʊ, ɪɛ, ɪo, oɪ, ɪə,
oɑ/) in her speech inventory.

Table 10
Speech Consonant Inventory of Participant A
Stop-Plosives
Bilabial

p

b

Nasals

Fricatives

w

θ
t

d

n

Palatal

Glottal

Glides

fv

Lingua-Dental

Velar

Liquids

m

Labio-Dental

LinguaAlveolar

Affricates

ð

s z
ʃ

k

g

ʒ

ŋ

ʔ

l
tʃ dʒ
r

j

h

Table 10 provides independent analysis of speech consonants that were produced from
Participant A’s conversational play samples.

According to speech sound acquisition normative values from McLeod and Crowe
(2018), Participant A produced acquired speech sounds within her inventory that were ageappropriate and some earlier than the expected time frame of her age. She produced bilabial
plosives and nasal sounds, which are expected to be mastered by age of 3; however, she also
produced fricatives, liquids, and one voiced interdental fricative which is beyond the expected
age of mastery (e.g., /ð/ by the age of 5).
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Table 11
Speech Vowels of Participant A
Front

Central

Back

i

u

High

ɪ

ʊ

High-Mid

o

Mid

ɔ

Low-Mid

ɑ

Low

e
ɛ
æ

ə

ɚ
ʌ

ɝ

Table 11 provides vowels that were produced from Participant A’s conversational play samples.
Not included in this table are diphthong vowels: /aɪ, aʊ, ɪɛ, ɪo, oɪ, ɪə, oɑ/.

Overall, the information gathered from parent questionnaires, language analysis, and
speech inventory suggest that Participant A’s speech and language development are comparable
or better than those of her hearing peers. Participant A was younger than the lowest
administrative age range of 4;0 years, yet her CCC-2 scores and percentiles indicated an increase
from “below average” to the “excellent” range between the two time frames of the study. It is
also worthwhile to note that her MLU for language samples placed her morphosyntactic
development above her age range (e.g., Brown’s Stage IV to Late V). Speech sounds acquired
included those from within all types of manner of production (e.g., stop-plosives, nasals, glides,
fricatives, affricates) with not only the low frequency plosives and nasals, but also high
frequency sounds such as fricatives and affricates in identifiable words.
Case #2
Case history. Participant B is a three year old male with cochlear implants who was
identified at birth with a hearing loss. He was aided with hearing aids at 4 months until 10
months and implanted bilaterally with CI at 15 months after a gap without auditory access.
Parent did not report any significant history of OM, fevers, flu, or any other serious illnesses or
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surgeries; however, parent did report a relevant genetic history for hearing loss. Audiological
information on aided and unaided testing could not be obtained.
Per parent report, Participant B received services for AVT. Parent stated that he
communicates his needs by gestures and direct hand to object. Parent added that he understands
directions, routines, and signs. Per report, first words were spoken at 17 months of age, 2
months after activation, and Participant B understands about 23 words. Parent did not express
any concerns or questions regarding her child’s language development at the time.
Spanish is the main language spoken at home. Speech and language services are
provided in both Spanish and English, however English is the primary language used at school
and with his friends.
Results from standardized assessments. Given Participant B’s chronological age and
language skills, only the REEL-3 was completed to obtain a deep understanding of
communication skills. Parents were not instructed to make a specific distinction in skills
between English and heritage language(s) while filling out the questionnaires.
Data from REEL-3. First administration of the REEL-3 at the time of study enrollment
(age: 3;2 years) revealed an expressive language ability score of 70 and a receptive language
ability score of 76 with a total language ability score of 68, which placed Participant B within the
“very poor” descriptive range. Second administration of the REEL-3 could not be obtained at
this time due to participant attrition.
According to the REEL-3 results for his receptive language skills, he locates body parts,
anticipates events when routines are announced, and carries out two-step requests; however, he
has difficulty listing examples given categories, following references to objects not visible in the
room, and pausing to take turns during conversation. As for his expressive language skills, he
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was reported to gesture and use a firm voice to make requests, make contented vocalizations, and
start social routine games; however, he was not reported to engage in social jargon, combine
words with gestures, imitate or repeat words heard in conversation. The results of Participant
B’s REEL-3 can be observed in Table 12.

Table 12
REEL-3 Results for Participant B

REEL-3
Session 1

Expressive
Language
Ability Score

Receptive
Language
Ability Score

Total Language
Ability Score

Descriptive
Range

70

76

68

Very Poor

Participant B displayed overall language skills within the very poor range. Data for Session 2
could not be obtained due to participant attrition.

Results from the conversational play analysis. One language play sample in English
and Spanish were obtained. Data and analysis of morphosyntax, semantics, and speech rate were
not conducted since Participant B was at the canonical babbling linguistic stage.
Speech sound production. Independent analysis of speech sounds and vowels from the
two languages samples for English are listed in Tables 13 and 14.
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Table 13
Speech Consonant Inventory of Participant B
Stop-Plosives
Bilabial

p

Nasals

b

Fricatives

v

Lingua-Dental

θ

ð

s

z

ʃ

ʒ

d

n

Palatal
Velar

k

Glottal

Glides
w

f

t

Liquids

m

Labio-Dental

LinguaAlveolar

Affricates

g

l
tʃ

ŋ

ʔ

dʒ
r

j

h

Table 13 provides independent analysis of speech consonants that were derived from mostly
reduplicated with some variegated babbling from Participant B.

Table 14
Speech Vowels of Participant B
Front

Central

Back

i

u

High

ɪ

ʊ

High-Mid

o

Mid

ɔ

Low-Mid

ɑ

Low

e

ə ɚ

ɛ

ʌ

æ

ɝ

Table 14 provides vowels that were produced from Participant B’s conversational play samples.
Diphthong vowels were not observed at this time.

Participant B’s phonetic inventory from the language samples included a number of
sounds from stop-plosives and nasals. Participant B included the English consonant sounds for
all of the voiced stop-plosives, with one voiceless plosive (e.g., /b/, /t/, /d/, /g/), and the majority
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of nasal sounds (e.g., /m/ and /ŋ/); however, he was missing the voiceless bilabial plosive (i.e.,
/p/), the voiceless velar plosive (i.e., /k/), and the lingua-alveolar nasal (i.e., /n/). It was noted
that B did not yet acquire fricatives, affricates, liquids, or glides which might be expected based
on English norms from McLeod and Crowe (2018).
However, when compared to the same study by McLeod and Crowe (2018) for Spanish
consonant sound acquisition, Participant B appeared to follow within the expected timeline
when comparing his speech inventory to those of monolingual Spanish speakers. Although
consonant sounds such as /b, p, d, g, w, f/ exist for both English and Spanish, sounds such as /b,
d, g, w, f/ are expected to appear earlier between 3;0 - 3;11 in English when these same
consonant sounds are expected to appear later within 4;0 - 4;11 in Spanish. According to the
consonant sound acquisition for monolingual Spanish speakers, Participant B displayed ageappropriate development of speech consonants in his speech inventory.
Case #3
Case history. Participant C is a four year old female with CIs who was identified at
birth with bilateral hearing loss and identified with auditory neuropathy at four months. She
presents a history of premature birth, pneumonia, respiratory failure, bacterial meningitis, high
bilirubin, and fever. She received pressure equalizing tube (PET) at 27 months to manage her
otitis media with effusion (OME). She was aided with hearing aids at seven months and
implanted and activated with bilateral CIs at 16 months. A recent audiological report
documented average device use of 11 to 12 hours a day, and unaided testing revealed severe
sloping to profound hearing loss in the left and profound hearing loss in the right ear. Aided
testing revealed hearing within normal hearing sensitivity under soundfield testing.
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Per parent report, C received early childhood intervention services and currently received
speech/language services two to three times a week at school and once a week at a private
practice. Parent reported that although she feels C is behind, C appeared to develop language
skills such as describing events, making requests, and increasing her vocabulary much more
quickly in English than in the home language.
Russian is the primary language spoken at home with parents and virtually with
grandparents, and English is identified as the language spoken with friends and at school. Parent
expressed that her Russian language skills seemed to be “more than a year behind” in
comparison to English and expressed concerns with the development of her “emotional,
behavioral, learning, and basic skills.”
Results from standardized assessments. Given Participant C’s chronological age and
language skills, both the REEL-3 and CCC-2 were completed to obtain a deep understanding of
communication skills. Parents were not instructed to make a specific distinction in skills
between English and the heritage language(s) while filling out the questionnaires.
Data from REEL-3. First administration of the REEL-3 at the time of study enrollment
(4;3), revealed an expressive language ability score of 105 and a receptive ability score of 110
with a total language ability score of 109, which placed Participant C within the “average”
descriptive range. Second administration of REEL-3 at the time of study (4;6) revealed an
expressive language ability score of 115 and receptive language ability of 110. The sum of each
ability score revealed the same total language score of 115, which placed Participant C within
the “above average” descriptive range.
According to the REEL-3 results for her receptive language skills, she was able to
understand adult language spoken to her, follow two-step directions, and understand past or
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future tenses. As for her expressive language skills, she was reported to be able to use words that
tell color and size, answer WH-questions with more than just “yes” or “no,” and use complex
sentence structures. The results of Participant C’s REEL-3 can be observed in Table 15.

Table 15
REEL-3 Results for Participant C
Expressive
Language
Ability Score

Receptive
Language
Ability Score

Total Language
Ability Score

Descriptive
Range

REEL-3
Session 1

105

110

109

Average

REEL-3
Session 2

115

110

115

Above
Average

Participant C displayed overall language skills in the average to above average range.

Data from CCC-2. First administration of the CCC-2 at the time of enrollment (age: 4;3
years) revealed a general communication composite (GCC) score of 92, which placed C within
the 30th percentile of the normative demographics. Second administration of CCC-2 (age: 4;6
years) revealed a GCC of 117, which placed Participant C within the 87th percentile of the
normative demographics. The scaled scores and percentile ranking for the CCC-2 subtests are
detailed in Table 16.
Results from the conversational play analysis. Two language play samples in English
and Russian were obtained between the three months’ period. The measures of Participant C’s
morphosyntax, semantics, and speech rate obtained during the first and second meeting is
displayed in Table 17 and Figures 1, 2, 3 and 4.
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Table 16
CCC-2 Results for Participant C
Scale

Scaled Score
Session 1

Scaled Score
Session 2

Percentile
Session 1

Percentile
Session 2

Speech

5

7

5

16

Syntax

7

8

16

25

Semantics

8

11

25

63

Coherence

8

11

25

63

Initiation

9

8

37

25

Scripted
Language

6

10

9

50

Context

5

9

5

37

Nonverbal
Communication

7

11

16

63

Social Relations

8

11

25

63

Interests

8

11

25

63

Participant C displayed average to above average general communication composite scores
when compared to the normative demographics.
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Table 17
Conversational Play Sample Analysis for Participant C
Session 1

Session 2

English

Russian

English

Russian

MLU

4.32

1.55

4.30

1.83

Total words

235

101

157

135

Different words

88

109

70

68

TTR

0.37

0.50

0.50

0.50

Words per minute

18.08

11.22

12.56

11.78

Table 17 provides data gathered from different languages spoken by Participant C during the
two sessions.

Data from the English language sample. Participant C’smorphosyntactic development
appeared to be within the expected range of referential norms (Miller & Chapman, 1981). Her
initial MLU placed her within the 1 SD range of predicted MLU in English for her age (3.71 5.71) for her age; her final MLU similarly placed her within age-appropriate MLU range as
compared to her monolingual TH peers (Miller & Chapman, 1981).
While Type-Token Ratio and different words obtained indicate the child’s diversity of
words used, the number of total words can reflect current morphosyntactic development. The
total number of words produced by Participant C were found to be within the average range for
English during the initial meeting, but not during the final meeting; her total number of words in
English were a slightly below than the average range expected. Despite the apparent decrease in
total words for English, there was an increase in the number of total words for Russian. The
speaking rate reflected in words per minute indicated an overall decrease in English and slight
increase in Russian.

39
Data from the heritage language samples. Participant C’s morphosyntactic
development in Russian appeared to fall below those of her Russian and English monolingual
peers (Kistanova, 2018; Miller & Chapman, 1981). However, despite delayed language skills in
Russian, this appears to be an issue in bilingualism with DHH status rather than an issue of
cognitive burden. The data support parent’s reported concerns during the caregiver interview
regarding L1 attrition: that while Participant C is developing skills in English, her development
in Russian is much slower in comparison. Participant C received academic instruction, therapy,
socialization, and spent the majority of her day with speakers of English. .
Overall, Participant C’s MLU was the strongest in English, although values in Russian
increased slightly by the second session. Participant C appeared to exhibit language skills that
were within expectations for her age and comparable to those of her TH peers.
Speech sound production. Independent analysis of speech sounds and vowels from the
two language samples for Englishare listed in Table 14 and Table 15.
Participant C’s phonetic inventory from the language samples included a number of
sounds from stop-plosives, nasals, fricatives, affricates, liquids, and glides. Participant C
included all the English consonant sounds for stop-plosives, nasals, and glides. As for the
fricatives, she produced all but the voiced palatal fricative (i.e., /ʒ/) and the glottal stop-plosive
(i.e., /ʔ/). She additionally produced all vowels with the exception of the low-mid back vowel
(i.e., /ɔ/) and low-mid central vowel (i.e., /ʌ/); however, she displayed multiple diphthongs
(i.e.,/ɪə, aʊ, aɪ, eɑ/) in her speech inventory.

40
Table 14
Speech Consonant Inventory of Participant C
Stop-Plosives Nasals Fricatives
Bilabial

p

b

v

Lingua-Dental

θ

ð

d

n

s z

Palatal

ʃ

Velar

k

Glottal

Glides
w

f

t

Liquids

m

Labio-Dental

Lingua-Alveolar

Affricates

g

ʒ

l
tʃ dʒ

ŋ

r

ʔ

j

h

Table 14 provides independent analysis of speech consonants that were produced from
Participant C’s conversational play samples.

Table 15
Speech Vowels of Participant C
Front

Central

Back

i

u

High

ɪ

ʊ

High-Mid

o

Mid

ɔ

Low-Mid

ɑ

Low

e

ə ɚ

ɛ

ʌ

æ

ɝ

Table 15 provides vowels that were produced from Participant C’s conversational play samples.
Not included in this table are diphthong vowels: /ɪə, aʊ, aɪ, eɑ/.

According to speech sound acquisition normative values from McLeod and Crowe
(2018), Participant C produced acquired speech sounds within her inventory that were earlier
than the expected time frame for her age. She produced a voiceless lingua-dental fricative (e.g.,
/θ/) which is expected to be mastered by age 6. Additionally, she also produced the velar liquid
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(e.g., /ɹ/) and the voiced lingua-dental fricative (e.g., /ð/) which are consonant sounds expected to
be mastered by age 5.
Overall, the information gathered from parent questionnaires, language analyses, and
speech inventory suggest that Participant C’s speech and language development are comparable
to those of her hearing peers. Her CCC-2 scores and percentiles were in the “average” range to
“above average.” The MLU for Russian was significantly lower than the English MLU, which
was comparable to those of TH monolingual English peers.
Case #4
Case history. Participant D is a six year old female with Marcus-Gunn syndrome who
was identified at birth with bilateral hearing loss. She presents with a history of receiving
bilateral PET to manage her recurrent OME. Hearing loss was documented at the time of her
first set of PET (age: 3;2 years), and an audiogram was reportedly taken around her second set of
PET (age: 4;10 years) with plans for hearing aids. However, Participant D was not fit with
hearing aids until after the initial research meeting (age: 5;10 years) due to limitations related to
COVID-19 pandemic restrictions. An audiogram obtained after the initial meeting indicated a
bilateral moderate rising to mild conductive hearing loss.
Per parent report, Participant D received speech/language services at school once a week
which were temporarily halted due to the pandemic. She reportedly began to speak her first
words at around age five years. Parent commented that Participant D’s language development
seems to be that of a 2-year-old due to her hearing impairment and expressed uncertainty with
regards to helping her child’s speech and language development.
Cantonese and Mandarin are spoken in the home in addition to English. Cantonese is
spoken primarily between D parents, however, the “One Parent One Language” paradigm is
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observed at home: Cantonese is occasionally spoken with her father, and Mandarin is spoken
with the mother with some English. Aside from at school, English is primarily spoken with the
father and the older sibling.
Results from standardized assessments. Given D’s chronological age and language
skills, only the REEL-3 was completed to obtain a deep understanding of communication skills.
Parents were not instructed to make a specific distinction in skills between English and heritage
language(s) while filling out the questionnaires.
Data from REEL-3. First administration of the REEL-3 at the time of study enrollment
(age: 5;6 years) revealed an expressive language ability score of 70 and a receptive language
ability score of 76 with a total language ability score of 68, which placed Participant D within the
“below average” descriptive range. A second administration of the REEL-3 for the second
meeting was not obtained due to participant attrition.
According to the REEL-3 results for her receptive language skills, she was able to
distinguish between words for different objects given items, understand the meaning of most
objects and actions with visual information, and follow multi-step directions. With regards to
her expressive language skills, she was reported to be able to imitate words, use two-word
sentences or phrases, and use real words with gestures. The results of Participant D’s REEL-3
can be observed in Table 16.
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Table 16
REEL-3 Results for Participant D
Expressive
Language
Ability Score

Receptive
Language
Ability Score

Total Language
Ability Score

Descriptive
Range

84

93

86

Below
Average

REEL-3
Session 1

Participant D displayed overall language skills within the below average range. Data for
Session 2 was not obtained.

Results from conversational play analysis. Two language play samples in English and
Mandarin were obtained over the course of a six months’ period; Cantonese was not measured
due to time constraints and limited child engagement. On the second measurement, four months
had passed since D received her first set of HAs. The measure of D’s morphosyntax, semantics,
and speech rate obtained during the first and second meeting is displayed in Table 17 and Figures
1, 2, 3 and 4.
Data from the English language sample. Participant D s morphosyntactic development
appeared to fall greatly below the expected range of referential norms by Miller and Chapman
(1981). In both initial and final sessions, her MLU placed her outside of the age-appropriate
MLU range as compared to her monolingual TH peers (Miller & Chapman, 1981).
While Type-Token Ratio and different words obtained indicate the child’s diversity of
words used, the number of total words can reflect current morphosyntactic development. The
total number of words produced by Participant D were far below the average range for both
languages during the initial and the final meeting. The speaking rate, however, increased greatly
between the two sessions.
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Table 17
Conversational Play Sample Analysis for Participant D
Session 1

Session 2

English

Mandarin

English

Mandarin

MLU

1.92

1.67

1.67

1.28

Total words

73

35

48

23

Different words

29

28

33

17

TTR

0.40

0.80

0.69

0.74

Words per minute

6.08

2.92

19.10

24.80

Table 17 provides data gathered from different languages spoken by Participant D during the
two sessions.

Data from the heritage language samples. Participant D’s morphosyntactic
development in Mandarin followed closely to that of development in English with respect to
MLU and total words. Although her values decreased overall between the two conversational
play samples, significant increases in the number of words per minute were noted during the last
session. Overall, although Participant D’s development in English is stronger than in Mandarin,
the overall development between the two languages were similar and both delayed as compared
to those of her TH monolingual peers.
Speech sound production. Independent analysis of speech sounds and vowels from the
two language samples for English are listed in Table 18 and Table 19.
Participant D’s phonetic inventory from the language samples were comprised of a
number of sounds including stop-plosives, nasals, fricatives, affricates, liquids, and glides.
Participant D produced all the English consonant sounds for nasals, affricates, and glides. She
produced all the stop-plosives with the exception of the voiced lingua-alveolar (i.e., /d/) and
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glottal (i.e.,/ʔ/). As for the fricatives, she produced the voiceless labio-dental (i.e., /f/), linguaalveolar (i.e., /s/), palatal (i.e., /ʃ/) and the glottal (i.e., /h/). As for the vowels, all vowels with
the exception of front, central, back low-mid vowels (e.g., /ɛ/, /ʌ/, /ɔ/) were present. An
inventory of diphthong vowels included /ɪu, ɑo, ɑɪ, ou, aʊ/.

Table 18
Speech Consonant Inventory of Participant D
Stop-Plosives
Bilabial

p

b

Nasals

Fricatives

v

Lingua-Dental

θ

ð

d

n

Palatal
Velar
Glottal

s z
ʃ

k

g
ʔ

Glides
w

f

t

Liquids

m

Labio-Dental

Lingua-Alveolar

Affricates

ʒ

ŋ

l
tʃ dʒ
r

j

h

Table 18 provides independent analysis of speech consonants that were produced from
Participant D’s conversational play samples.

According to speech sound acquisition normative values from McLeod and Crowe
(2018), however, Participant D was not able to acquire speech sounds that were expected given
her age (e.g., /ɹ, ʒ, ð/ by age 5; /θ/ by age 6). Although Participant D was able to produce
acquired fricative and affricates (e.g., /tʃ, s/), many of these sounds are expected to be acquired
by the age 4.
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Table 19
Speech Vowels of Participant D
Front

Central

Back

i

u

High

ɪ

ʊ

High-Mid

o

Mid

ɔ

Low-Mid

ɑ

Low

e

ə ɚ

ɛ

ʌ

æ

ɝ

Table 19 provides vowels that were produced from Participant D’s conversational play samples.
Not included in this table are diphthong vowels: /ɪu, ɑo, ɑɪ, ou, aʊ/.

Overall, the information gathered from parent questionnaires, language analysis, and
speech inventory suggest that Participant D’s speech and language development are delayed in
comparison to those of her hearing peers. Participant D’s REEL-3 scores indicated an overall
language ability in the “below average” descriptive range. While her utterances were quite
limited during the conversational play sample, her MLU and total number of words for both
language samples were both far below the expected Brown’s Stage and MLU given her age
range (Miller & Chapman, 1981).
Case #5
Case history. Participant E is an eight year old female with Waardenburg syndrome
who was identified after birth with bilateral hearing loss. She presents with a history of OM,
frequent colds, flu, and single sided deafness (SSD) in the family. She uses bilateral CIs with the
right device implanted first (0;8 years), and then the left device (2;0 years), following trials with
HAs. A recent audiogram with unaided testing revealed bilateral mixed profound hearing loss
and aided testing revealed mild to normal hearing for both ears. Parents reported consistent
device usage throughout the day.
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Per parent report, Participant E receives services from the teacher of the deaf. Parents
reported age-appropriate development in language and communication with Japanese by
additionally stating that she is among the top students in her class. However, parents reported a
gap between her language skills in Japanese and English. Parents expressed concerns regarding
her social/emotional development and desire for her to develop linguistic skills in English to
maintain her bilingualism.
Japanese and English are spoken at home under the “One Parent One Language”
paradigm of bilingual language access and acquisition. Japanese is spoken primarily with the
father and older sibling and between siblings at home; outside of the home, it is predominantly
spoken at school and with friends. English is primarily spoken with Participant E’s mother and
older sibling. Overall, while English and Japanese are reportedly spoken with approximately
equal frequency at home, parents reported receiving recommendations to provide strictly one
language stimulation to Participant E at birth. Despite the initial decision to follow professional
recommendations, parents reported introducing English as the second language to Participant E
a few years later (age: 3;0 years). Participant E reportedly attended a school abroad with full
English immersion for a short term (age: 6;0 years), and parents observed that her errors in
English appeared to follow Japanese rules of grammar and syntax.
Results from standardized assessments. Given E’s chronological age and language
skills, both the REEL-3 and CCC-2 were completed to obtain a deep understanding of
communication skills. Parents were not instructed to make a specific distinction in skills
between English and the heritage language(s) while filling out the questionnaires.
Data from REEL-3. First administration of the REEL-3 at the time of study enrollment
(age: 7;10 years) revealed an expressive language ability score of 110 and a receptive language
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ability score of 110 with a total language ability score of 112, which placed E within the “above
average” descriptive range.
According to the REEL-3 results for her receptive language skills, E could remember
events and sequences of stories, understand position words, and understand multiple step
sequences. As for her expressive language skills, she could maintain the topic of conversation,
ask WH- questions, and retell familiar stories. Second administration of the REEL-3 (age: 8;2
years) revealed an expressive language ability score of 115 and receptive language ability of 110.
The sum of each ability score revealed the same total language score of 115, which placed E
within the same descriptive range. The results of Participant E’s REEL-3 can be observed in
Table 20.

Table 20
REEL-3 Results for Participant E
Expressive
Language
Ability Score

Receptive
Language
Ability Score

Total Language
Ability Score

Descriptive
Range

REEL-3
Session 1

110

110

112

Above
Average

REEL-3
Session 2

115

110

115

Above
Average

Participant E displayed overall language skills within the above average range.

Data from CCC-2. First administration of the CCC-2 at the time of the enrollment (age:
7;10 years) revealed a general communication composite (GCC) score of 139, which placed her
within the 99.5th percentile of the normative demographics. Second administration of the CCC2 (age: 8;2 years) revealed a GCC of 135, which placed Participant E within the 99th percentile
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of the normative demographics. The scaled scores and percentile ranking for the CCC-2 subtests
are detailed in Table 21.

Table 21
CCC-2 Results for Participant E
Scale

Scaled Score
Session 1

Scaled Score
Session 2

Percentile
Session 1

Percentile
Session 2

Speech

9

8

37

25

Syntax

12

9

75

37

Semantics

14

10

91

50

Coherence

13

11

84

63

Initiation

12

15

75

95

Scripted
Language

13

13

95

84

Context

9

11

37

63

Nonverbal
Communication

11

13

63

84

Social Relations

13

11

84

63

Interests

13

14

84

91

Participant E displayed excellent communication composite scores when compared to the
normative demographics.

Results from the conversational play analysis. Two language play samples in English
and Japanese were obtained over the course of the four month period; however, the Japanese
language sample was not analyzed at this time due to limited resources (i.e., lack of professionals
to analyze the language sample). The measure of Participant E’smorphosyntax, semantics, and
speech rate for English obtained during the first and second meeting is displayed in Table 22 and
Figures 1, 2, 3 and 4.
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Results from the conversational play analysis. Two language play samples in English
and Japanese were obtained over the course of the four month period; however, the Japanese
language sample was not analyzed at this time due to limited resources (i.e., lack of professionals
to analyze the language sample). The measure of Participant E’smorphosyntax, semantics, and
speech rate for English obtained during the first and second meeting is displayed in Table 22 and
Figures 1, 2, 3 and 4.

Table 22
Conversational Play Sample Analysis for Participant C
Session 1

Session 2

English

English

MLU

4.51

4.4

Total words

302

305

Different words

87

90

TTR

0.29

0.33

Words per minute

23.23

27.72

Table 22 provides compilation of conversational play analysis between two sessions. Analysis
of Japanese language was not included due to limitations in resources.

Data from the English language sample. Participant E’ smorphosyntactic development
appeared to be within the expected range for referential norms (Miller & Chapman, 1981). Her
initial language sample for English placed her within Brown’s Stage V+ with a MLU range of
4.5+, which is expected given her age of 7;10. Although Participant E’s last language sample
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displayed a slight decrease in the measured MLU, Participant E’s English language skills were
deemed age-appropriate.
While Type-Token Ratio and different words obtained indicate the child’s diversity of
words used, the number of total words can reflect current morphosyntactic development. The
total number of words produced by Participant E were found to be within the average range for
English during the initial and final meeting (Templin, 1957). The speaking rate reflected in
words per minute indicated an increase between the initial and the final meeting for English.
The MLU for English decreased slightly between the two meetings; however, the total number of
words and different words remained consistently within the appropriate range.
Data from the Heritage language samples. While the language analysis data for
Participant E is not available, the standardized parent questionnaire and parent interview suggest
that E’s L1 (e.g., Japanese) was not negatively impacted by the introduction of L2 (e.g., English).
E exhibited overall excellent language skills according to the questionnaire with the language
analysis of English indicating that MLU and total words were within the aerage range.
Speech sound production. An independent analysis of speech sounds and vowels from
the two language samples for English are listed in Tables 23 and 24.
Participant E’s phonetic inventory from the language samples included nearly all the
sounds from the stop-plosives, nasals, fricatives, affricates, liquids, and glides manner types.
English consonant sounds for all different manner types were produced with the exception of
voiced lingua-alveolar and palatal fricatives (i.e., /z/ and /ʒ/). Participant E additionally
produced all vowels with the exception of a low-mid back vowel (i.e., /ɔ/) and mid central rhotic
vowels (i.e., /ɚ/ and /ɝ/) which may reflect the dialect of English spoken at home (e.g.,
Australian English). Multiple diphthongs (i.e.,/ɪə, aʊ, aɪ, eɑ/) were present in her speech
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inventory. According to speech sound acquisition normative values from McLeod and Crowe
(2018), speech sounds within her inventory were within the expected time frame for her age.

Table 23
Speech Consonant Inventory of Participant E
Stop-Plosives Nasals
Bilabial

p

b

Fricatives

v

Lingua-Dental

θ

ð

d

n

s z

Palatal

ʃ

Velar

k

Glottal

g

Glides
w

f

t

Liquids

m

Labio-Dental

LinguaAlveolar

Affricates

ʒ

l
tʃ dʒ

ŋ

r

ʔ

j

h

Table 23 provides independent analysis of speech consonants that were produced from
Participant E’s conversational play samples.

Table 24
Speech Vowels of Participant E
Front

Central

Back

i

u

High

ɪ

ʊ

High-Mid

o

Mid

ɔ

Low-Mid

ɑ

Low

e

ə ɚ

ɛ

ʌ

æ

ɝ

Table 24 provides independent analysis of vowels that were produced from Participant E’s
conversational play samples. Not included in this table are diphthong vowels: /ɪə, aʊ, aɪ, eɑ/.
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Overall, the information gathered from parent questionnaires, language analyses, and a
speech inventory suggest that Participant E’s speech and language development are comparable
to those of her hearing peers. Although analysis of her primary language in Japanese was
unavailable, Participant E’s GCC scores and percentiles indicated consistent language skills
within the “excellent” descriptive range. Additionally, Participant E’s MLU in English placed
her morphosyntactic development within her age range, despite the late introduction of English
as compared to her first home language. Speech sounds acquired by E included sounds of all
manners and frequencies with the exception of /s/ and /ʒ/. It is also worthwhile to mention that
acquired diphthong vowels appeared to reflect the dialect of English spoken at home (i.e.,
Australian English).
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CHAPTER 5: DISCUSSION

Language, Speech, and Bilingualism
Early identification and amplification have dramatically improved spoken language
outcomes in DHH children. While spoken language acquisition is encouraged in children using
HAs/CIs, using more than one spoken language does not have the same widespread support. The
aim of this study was to comprehensively explore the speech and language skills of DHH
children who have access to more than one spoken language to guide clinical decisions regarding
bilingualism in DHH children.
The specific aims of the study were designed to aid in the clinical decision making
process. The primary aims of this study were to answer the following questions: 1. Do DHH
children with access to two or more spoken languages develop language on par with their TH
bilingual peers?; 2. Does exposure to a second language delay or negatively impact the
morphosyntactic development of the first language for DHH children? 3. Do DHH children with
access to two or more spoken languages acquire speech sounds on par with their TH bilingual
peers?
The current discussion of bilingual children with TH in the literature has strongly
supported findings that despite similar concerns of possible detrimental effects of second
language among some children, young bilingual children are able to achieve the same language
milestones as monolingual children (Genesee, 2015). Literature supports the finding that
important milestones of language acquisition in bilingual children such as vocabulary acquisition
and morpho-syntactic development are similar to those of monolingual children when accounting
for the factor of their linguistic environment (Kistanova, 2018) Even when developmental
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language and learning disabilities are taken into account, exposure to more than one language
among children with SLI indicated that the children performed without significant differences
compared to monolingual children (Bruck, 1978, 1982). The only exception observed was
significant improvements through additive bilingualism in children with SLI who participated in
the dual-immersion program (Bruck, 1978, 1982).
Language Development
The administration of standardized parent questionnaires such as the REEL-3 and/or the
CCC-2 allowed for the investigation of each participant’s overall language skills. Parents were
not instructed to make a specific distinction in skills between English and heritage language(s)
while filling out the questionnaires. Therefore, parents were able to report the current overall
language skills of their children by responding to the items on the REEL-3 and CCC-2 that
organized language into either broad categories of receptive and expressive language skills or
individual domains such as syntax, semantics, and pragmatics. This methodology is similar to
the utilization of caregiver questionnaires or observation forms such as the Student Oral
Language Observation Matrix (Parker et al., 1985) and MacArthur-Bates Communicative
Development Inventory (Fenson et al., 2006) found in studies of language among bilingual
children (Guiberson, 2014; Core et. al, 2013). In this current study, three out of five children
achieved overall language skills, as measured by the REEL-3 and/or the CCC-2, that were better
than or were comparable to those of the assessment’s normative sample of monolingual TH
peers. The commonalities shared by the three children included access to a linguistically rich
environment, early acoustic access, and active parent advocacy. This finding is corroborated by
other studies investigating early language development among TH bilingual children developing
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total vocabulary comparable to their monolingual peers (Core et. al, 2013) and DHH bilingual
children demonstrating L1 skills stronger than their DHH monolingual peers (Guiberson, 2014).
Detailed information regarding the development of morphosyntax and semantics were
derived through conversational play analysis. MLU normative values for Spanish and Russian
provided by Gutierrez-Clellen and colleagues (1999) and Kistanova (2018) were used in addition
to those of monolingual English-speaking children (Miller & Chapman, 1981). Based on these
references, the results of this study indicated that three out of five children obtained a MLU
comparable to or better than those of their bilingual monolingual peers (Figure 1). While
monolingual English based normative data on Type-Token Ratio provided by Templin (1957)
were used as a reference for analysis, the range of total words produced by DHH bilingual
children (Figure 2) in their play samples were comparable to the expected range of words for
monolingual TH children. Despite the DHH status, this data supports the comments made by
Genesee (2015) that young bilingual children are able to follow the constraints of each linguistic
system in their utterances and achieve the same language milestones as monolingual children.
Essentially, the data from the five case studies presented in this paper indicate that DHH
children with access to more than one language are able to develop language skills on par with
their TH peers. Participants A, C and E displayed robust language skills in both English and
their heritage language(s). In Participant A's case, early access to acoustic information through a
CI, and a speaker with rich access to multiple languages, suggests a positive influence on her
speech and language skills. Similarly, Participants C and E both had early access, parent
advocates and a rich linguistic environment to support their speech and language development.
The other two participants (B and D) did not achieve the expected language skills as did the other
DHH bilingual children likely due to the delayed acoustic access or what may be a lack of
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exclusive attention to spoken language in creating a linguistically rich environment, rather than
due to bilingualism. Overall, the gathered data supports emerging literature that DHH children
are indeed able to successfully acquire two languages, develop L1 skills stronger than those of
their monolingual DHH peers, and display L2 skills that were comparable to or better than
expectations (Guiberson, 2014).
Implications of bilingualism in DHH children. Aside from language competency
achieved, relative strengths in English versus heritage language were evident in the DHH
participants. Participants who had robust and extensive linguistic access for heritage languages
clearly showed aspects of additive bilingualism (e.g. Participant A in Spanish, Portuguese, and
English). Similarly, participants who had strong representation of languages (e.g. through the
One Parent One Language paradigm) also displayed strong language skills in both languages
(Participant E; parent reporting skills in Japanese were stronger than in English, which were age
appropriate). On the other hand, while Participant C displayed overall age-appropriate language
skills, clear indicators of subtractive bilingualism were observed, with decreasing skills in
Russian as the child gained mastery over English. The variability between English and heritage
language may be due to the varied amount of exposure, quality, and contexts for each language
which can reflect in language balance patterns and differences in the development of vocabulary
and grammar in both languages (Kistanova, 2018; Core et. al, 2013).
Speech Sound Production
When comparing the independent analysis of consonant speech sounds obtained to
normative data provided by McLeod and Crowe (2018) of monolingual children, four out of five
children displayed speech sound acquisition that exceeded or were within the expected age
range. Following the general pattern of labial, pharyngeal, and posterior lingual consonants
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(e.g., palatal, velar, uvular) appearing before anterior lingual placement consonants (e.g., dental,
alveolar, postalveolar, and retroflex) before the age of 5;0, the majority of the participants
demonstrated mastery of expected speech sounds. Even though a child may display delayed
language skills (e.g., Participant B for Spanish and English), speech acquisition may be within
the expected timeline when referencing the phonology of the specific languages. The specified
pattern of acquisition for Spanish provided by McLeod and Crowe (2018) indicated that while
Spanish patterns of speech acquisition (e.g., nasals, plosives, laterals generally before affricates
and fricatives) may be similar to those of English speech consonants, the very same sounds
considered to be early consonants in English may not be acquired until a later age in Spanish.
The one child who did not fit this description was one whose hearing impairment was
detected later and amplification provided at the age of six years, reinforcing the importance of
early detection and amplification. Given the commonality of early detection and acoustic access
among the children who developed appropriate speech sounds, this supports the current literature
regarding speech sound development of DHH children: children with CI are able to produce
speech sounds on par with their TH peers (Sundarrajan et. al, 2019) and maintain access to the
sensitive period comparable to or better than those of TH for the development of speech and
grammar (May-Mederake, 2012). Overall, early identification and amplification, along with
strong linguistic access and parent motivation appeared to support age-appropriate acquisition of
speech and language skills in more than one spoken language.
Conclusion
Data from this study align with much of the, albeit limited, literature exploring oral
bilingualism in DHH children. Early access to acoustic information, well aided amplification
through HA or CI, and rich linguistic environment appears to be critical for acquisition of two or
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more spoken languages. These are factors identified in the current literature of speech and
language development in bilingualism and communication outcomes following CIs: early CI
equally improves the development of morphology, syntax, and vocabulary (Nicholas &Geers,
2018) and supports the ability of children to produce speech sounds on par with TH peers
(Sundarrajan et. al, 2019), and the factor of linguistically rich environment appeared to
contribute more to language development than simply the age at implantation (Szagun&
Stumper, 2012). Overall, the study supports the finding that DHH bilingual children are able to
acquire two languages and maintain or exceed expectations in speech and language development,
contrary to misguided professional recommendations by some.
Furthermore, parents who reported concerns of L1 attrition and desired additive
bilingualism for their children during the caregiver interview were those characterized by strong
parental involvement and advocacy such as their active membership within DHH support groups
in social media, commitment to providing a linguistically environment in the home, and
persistence in contributing to this study of DHH and bilingualism. It was noted that such parents
who provided robust language support in response to their concerns of L1 attrition and additive
bilingualism were also the ones whose children who displayed language skills on par or better
than those of TH monolingual children.
Limitations
There were two major limitations to this study: a reduced sample size and limited
methodology in recruitment. This study aimed at investigating the speech and language
development of DHH children in bilingual families who are at risk of being advised to provide
monolingual input; however, finding participants for recruitment of bilingual DHH children
became a challenge. This is an issue for multiple reasons: this limits the amount of data, the
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generalizability of the results, and the power of the study. Additionally, given that there is an
existing paucity in literature exploring DHH children with access to multiple languages, it is
unclear whether this challenge in participant recruitment reflected the general recommendations
for monolingualism to multicultural families.
Additionally, the safety precautions due to the COVID-19 pandemic restricted prior plans
for possible in-person outreach to DHH preschools and programs for recruitment and data
collection. While the pandemic led to the study of participants across different geographic
regions and languages through the use of technology in social media platforms and video
conferencing systems, this, in turn, can indicate certain characteristics of the participants and
their families: these families were those with access to technology such as a computer with a
stable internet connection and those who retained a somewhat active presence in social media. It
is also worth noting that these participants were those who were self-selected rather than those
who were somewhat randomized.
Besides these two major limitations, additional limitations include a lack of age-matched
bilingual TH control group, professionally trained bilingual linguists or speech-language
pathologists for language analysis of other languages (i.e., Cantonese and Japanese), language
specific normative values (i.e., MLU, word count) for certain languages, and time for the
continuation of possible longitudinal data. Besides addressing the two major limitations (i.e.,
increased sample size and a randomly controlled trial design) among others, future studies should
investigate the impact of a visual language with multiple spoken languages in the development of
language, language development of different a combinations of languages (e.g., combination of
Romance languages vs. East Asian languages), the acquisition of vowels and cluster consonants,
and overall vocabulary development.
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